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(54) BOTTOM WATER SUPPLY IRRIGATION BED AND CULTIVATION APPARATUS

(57) The present invention relates to the technical
field of plant cultivation, and in particular, to a sub-irriga-
tion bed and a cultivation apparatus comprising the irri-
gation bed. The irrigation bed comprises a bottom, a side
wall surrounding the bottom, a water inlet and a water
outlet. A plurality of support structures is arranged on an
upper surface of the bottom, and tops of at least a part
of the plurality of support structures lie in the same hor-
izontal plane. By reducing the contact area between the

cultivation container and the surface of the irrigation bed
to reduce local water accumulation caused by surface
tension, the irrigation bed and the cultivation apparatus
using the irrigation bed provided by the present invention
solve the problem of water accumulation caused by in-
complete drainage and the resulting problems that roots
grow out of the cultivation container and seedlings grow
irregularly, thereby achieving a good root control effect.
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Description

BACKGROUND

Technical Field

[0001] The present invention relates to the technical
field of plant cultivation, and in particular to a sub-irriga-
tion bed and a cultivation apparatus including the irriga-
tion bed.

Related Art

[0002] With the increasing area of protected agricul-
ture and plant factories in the world and China, the re-
quirements for hydroponics are improved greatly, and
the application of the integrated water and fertilizer man-
agement has become a major trend. Currently adopted
irrigation techniques mainly include overhead spray irri-
gation and sub-irrigation. The overhead spray irrigation
is a conventional irrigation mode of spraying water and
fertilizer from top to bottom onto the stems and leaves of
plants or substrates to provide nutrients for the plants,
and has the disadvantages of uneven spraying, irregular
growth of the plants, increased air humidity and in-
creased plant disease incidence. The sub-irrigation
mode is a novel irrigation technology which is mainly ap-
plied to container seedling production, cultivation of pot-
ted plants using nutrient solutions, and the like, in which
substrates can be in direct contact with the nutrient so-
lution, and the water and fertilizer enter the substrates
from bottom to top through holes at the bottom of the
cultivation container by virtue of the capillary force. In
practice, after the water is drained, local water accumu-
lation easily occurs on the surface of the irrigation bed
due to the surface tension of water. As a result, the roots
are likely to grow out of the cultivation container through
the holes, because the roots of the growing plants tend
to grow toward the place rich in water and fertilizer due
to the chemotropism and hydrotropism. When seedlings
are taken out from the cultivation container for transplant-
ing after the seedling cultivation is finished, the roots may
be broken and damaged, affecting the growth potential
and growth speed during the seedling recovery and likely
causing plant diseases.

SUMMARY

[0003] In view of the disadvantages of the prior art, an
objective of the present invention is at least to provide a
sub-irrigation bed and a cultivation apparatus including
the irrigation bed, to solve the problem of incomplete
drainage at the bottom, thereby reducing the exposure
of plant roots and improving the uniformity of seedling
emergence.
[0004] In order to achieve the above objective and oth-
er related objectives, an implementation of the present
invention provides a sub-irrigation bed, including a bot-

tom, a side wall surrounding the bottom, a water inlet and
a water outlet, where a plurality of support structures is
arranged on an upper surface of the bottom, and tops of
at least a part of the plurality of support structures lie in
the same horizontal plane.
[0005] In another implementation, the upper surface
of the bottom is inclined downward towards the water
outlet.
[0006] In another implementation, a settling pond in
communication with the water outlet is formed at the bot-
tom.
[0007] In another implementation, a filter tank is ar-
ranged at an upper part of the settling pond.
[0008] In another implementation, the filter tank is a
removable filter tank.
[0009] In another implementation, a water channel in
communication with the water outlet is formed on the side
wall of the settling pond.
[0010] In another implementation, the water outlet is
equipped with a water plug, and the water plug is inserted
into the water outlet and is configured to block the water
outlet from communicating with the outside of the irriga-
tion bed.
[0011] In another implementation, the water outlet is
equipped with a water plug, and the water plug is inserted
into the water outlet and is configured to block the water
outlet from communicating with the water channel and
block the water outlet from communicating with the out-
side of the irrigation bed.
[0012] In another implementation, the support struc-
ture is a hollow support structure, an upper surface of
the hollow support structure is in a mesh shape, and a
periphery of the hollow support structure is in a mesh
shape or is provided with a plurality of drainage holes.
The present invention also provides a cultivation appa-
ratus, including a cultivation container and any one of the
above irrigation beds, where the cultivation container is
supported on the support structures of the irrigation bed.
[0013] By reducing the contact area between the cul-
tivation container and the surface of the irrigation bed to
reduce local water accumulation caused by surface ten-
sion and further adopting a slope design to achieve com-
plete drainage, the irrigation bed and the cultivation ap-
paratus using the irrigation bed provided by the present
invention solve the problem of water accumulation
caused by incomplete drainage and the resulting prob-
lems that roots grow out of the cultivation container and
seedlings grow irregularly, thereby achieving a good root
control effect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 shows a three-dimensional structural sche-
matic diagram of an irrigation bed according to an
embodiment of the present invention;
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FIG. 2 shows a top-view structural schematic dia-
gram of an irrigation bed according to an embodi-
ment of the present invention;

FIG. 3 shows a front-view cross-section structural
schematic diagram of an irrigation bed according to
an embodiment of the present invention;

FIG. 4 shows an amplified three-dimensional struc-
tural schematic diagram of a settling pond according
to an embodiment of the present invention;

FIG. 5 shows comparative effect diagrams of root
growth conditions during seedling growth;

FIG. 6 shows comparative effect diagrams of root
morphology of seedlings with substrates during
seedling growth;

FIG. 7 shows comparative effect diagrams of root
morphology of seedlings from which the substrates
are washed off during seedling growth;

FIG. 8 shows comparative effect diagrams of root
morphology of seedlings taken out of a cultivation
container after seedling cultivation is finished;

FIG. 9 shows a comparative statistical diagram of
plant uniformity during seedling recovery;

FIG. 10 shows a comparative statistical diagram of
flowering conditions after seedling recovery; and

FIG. 11 shows comparative effect diagrams of flow-
ering conditions after seedling recovery.

List of Reference Numerals

[0015]

1 Side wall
11 Water inlet
2 Bottom
21 Support structure
22 Reinforcing rib
3 Settling pond
31 Filter tank
32 Water channel
4 Water outlet
41 Water plug

DETAILED DESCRIPTION

[0016] The implementations of the present invention
are described below with reference to specific embodi-
ments. Those skilled in the art can easily understand oth-
er advantages and effects of the present invention ac-
cording to the content disclosed in the specification.

[0017] It should be noted that the structures, propor-
tions, sizes, and the like shown in the drawings of the
specification are only used to cooperate with the contents
disclosed in the specification for understanding and read-
ing by those skilled in the art, and it is not intended to
limit the conditions under which the present invention can
be implemented and therefore has no technical signifi-
cance. Any modifications to structure, changes to the pro-
portional relationship or the adjustment on the size
should fall within the scope of the technical content dis-
closed by the present invention without affecting the ef-
fects and the objectives that can be achieved by the
present invention. At the same time, the terms such as
"upper", "lower", "left", "right", "middle" and "one" as used
in this specification are only for convenience of descrip-
tion and are not intended to limit the implementation
scope of the present invention, and the change or ad-
justment of the relative relationship is considered to be
within the implementation scope of the present invention
under the condition of no substantial change to the tech-
nical content.
[0018] FIG. 1 to FIG. 4 show an embodiment of an
irrigation bed of the present invention. In this embodi-
ment, the irrigation bed includes a bottom 2 and a side
wall 1 surrounding the bottom 2, where the side wall 1
and the bottom 2 form a space together for containing
water and fertilizer. A plurality of support structures 21 is
arranged on the upper surface of the bottom 2, and the
support structures 21 may be in various shapes, such as
a cylinder shape, a truncated cone shape, a taper shape,
a square shape, a strip shape, a block shape and a semi-
sphere shape. The support structure 21 may be solid or
hollow, an upper surface of the hollow support structure
is in a mesh shape, and a periphery of the hollow support
structure is in a mesh shape or is provided with a plurality
of drainage holes beneficial to drainage. The arrange-
ment of the support structures may be local arrangement
or global arrangement. The support structure column has
a small upper surface area so as to reduce the contact
area between a seedbed at the lower part (namely the
bottom of the irrigation bed) and a cultivation container
at the upper part to prevent water from remaining on the
upper surface after the nutrient solution is discharged,
and at the same time, the shape and arrangement of the
support structure column do not block the return of the
nutrient solution.
[0019] During use, the support structure 21 supports
the cultivation container (not shown) placed thereon, and
therefore the tops of the support structures 21 preferably
lie in the same horizontal plane so that the cultivation
container can placed horizontally. The bottom 2 may be
of a solid structure or a hollow structure (as shown in
FIG. 3). If the bottom 2 is of a hollow structure, a rein-
forcing rib 22 can be additionally arranged at the hollow
part to increase the structural strength.
[0020] The side wall 1 is provided with a water inlet 11,
and water and fertilizer can be injected into the irrigation
bed through the water inlet 11. The bottom 2 of one side
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opposite to the side wall 1 provided with the water inlet
11 is provided with a water outlet 4, and the water outlet
4 is in communication with the outside of the irrigation
bed from the lower side or the side surface of the water
outlet 4. In order to facilitate the flow of the water and
fertilizer from the water inlet to the water outlet, as shown
in FIG. 3, in this embodiment, the upper surface of the
bottom 2 is preferably inclined from the water inlet to the
water outlet. In this case, the heights of the support struc-
tures 21 may be designed to gradually increase from the
water inlet to the water outlet, to ensure that the tops lie
in the same horizontal plane.
[0021] A settling pond 3 is formed on one side of the
water outlet 4. A filter tank 31 may be arranged at the
upper part of the settling pond 3, the water and fertilizer
flow into the settling pond 3 through the filter tank 31, and
plant debris, substrate residues, and the like contained
in the water and fertilizer are filtered through the filter
tank 31. Preferably, the filter tank 31 is removable, and
the substrates flowing out with water can be removed
easily by removing the filter tank 31 without moving the
bed.
[0022] A water channel 32 in communication with the
water outlet 4 is formed on the side wall of the settling
pond 3. The water outlet 4 is equipped with a water plug
41, and the shape of the water plug 41 is adaptive to the
shape of the water outlet 4. For example, the water plug
41 may be in a cylinder shape, a square shape, and the
like. When inserted into the water outlet 4, the water plug
41 blocks the flow of the water and fertilizer from the
water channel 32 to the water outlet 4, and blocks the
flow of the water and fertilizer from the water outlet 4 to
the outside of the irrigation bed. As shown in FIG. 1, in
this embodiment, the water channel 32 is in communica-
tion with the upper surface of the bottom 2. That is, the
top is of an open structure. However, in order to prevent
the unfiltered water and fertilizer from directly flowing into
the water channel 32, the top of the water channel 32
may also be of a closed structure.
[0023] The irrigation bed provided by the present in-
vention can be applied to both a single-layer irrigation
system and a three-dimensional irrigation system, and
cooperates with a pipeline to form a circulation system.
The use of the irrigation bed provided by the present in-
vention is briefly described in conjunction with the above
embodiments.
[0024] The water plug blocks the drainage hole for ir-
rigating. After reaching the irrigation level required by the
plants, the substrates begin to absorb water due to the
capillary action. After the water absorption ends, the wa-
ter plug is opened, the remaining water and fertilizer flow
to the settling pond along a slope under action of gravity
and flow into the settling pond, plant debris, substrate
residues, and the like are filtered when passing through
the settling pond, the water and fertilizer flow through the
settling pond, then flow to the drainage holes through the
water channel and flow out of the drainage holes from
the lower side or the side surface, and the water and

fertilizer can be drained to the irrigation bed at the lower
layer through drainage in case of three-dimensional mul-
ti-layer irrigation. The filter tank can be removed and can
be assembled back to the settling pond after impurities
are cleared.
[0025] The above embodiments are exemplary, and a
plurality of features can respectively or simultaneously
adopt alternative implementations. Examples are shown
as follows.
[0026] The water inlet and the water outlet are not lim-
ited to be respectively positioned at two sides of the irri-
gation bed and may be positioned at the same side, and
the water inlet and the water outlet or one of the two may
be arranged in the middle of the irrigation bed. The water
inlet is not limited to be formed in the side wall of the
irrigation bed and may be formed by a gap between the
cultivation container and the side wall of the irrigation
bed, and a water inlet hole may be formed in the cultiva-
tion container. The water outlet is not limited to be formed
in the bottom of the irrigation bed, and a hole may be
formed in the bottom of the side wall of the irrigation bed.
[0027] The upper surface of the bottom of the irrigation
bed may also be a horizontal plane and is not limited to
be an inclined plane. In case of the inclined plane, it is
not only a case of inclining from one side to the other
side. For example, when the water outlet is positioned in
the middle of the irrigation bed, the upper surface may
be inclined from the periphery to the middle. That is, the
upper surface is inclined toward the water outlet.
[0028] The water plug may be omitted. As long as the
water intake is greater than the water drainage amount
(for example, the water inlet is larger than the water out-
let), the necessary level between the bottom of the irri-
gation bed and the cultivation container can be ensured.
In this case, a circulation system can also be formed by
combination with other external equipment (for example,
in series with other irrigation beds). When there is no
water plug but the settling pond is arranged, the tops of
the water outlet and the connecting channel between the
water outlet and the settling pond can be sealed so as
to prevent the water from directly entering the water outlet
without passing through the settling pond.
[0029] The irrigation bed described above can be ap-
plied to both substrate cultivation and water cultivation.
[0030] By reducing the contact area between the cul-
tivation container and the surface of the irrigation bed to
reduce local water accumulation caused by surface ten-
sion and further adopting a slope design to achieve com-
plete drainage, the irrigation bed and the cultivation ap-
paratus using the irrigation bed provided by the present
invention solve the problem of water accumulation
caused by incomplete drainage and the resulting prob-
lems that roots grow out of the cultivation container and
seedlings grow irregularly, thereby achieving a good root
control effect. The irrigation bed and the cultivation ap-
paratus are beneficial to good growth of plants after plant-
ing, can improve the uniformity of seedlings, reduce the
duration of seedling recovery and advance the flowering,
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and are of great significance to water irrigation and fer-
tilizer application of protected agriculture and plant fac-
tories.
[0031] The technical effects of the present invention
can be embodied by the following experiments.

Experiment setting:

[0032]

Treatment A: a sub-irrigation bed including support
structures is used, where the bottom surface of the
bed is inclined to a certain angle.

Treatment B: a sub-irrigation bed including support
structures is used, where the bottom surface of the
bed is horizontal.

Treatment C: a sub-irrigation bed without support
structures is used, where the bottom surface of the
bed is horizontal.

[0033] Measured indexes under the same manage-
ment:

1. Root growth conditions during seedling growth.

2. Uniformity of plants.

3. Duration of seedling recovery and growth indexes
of plants after seedling recovery.

Experiment results:

1. Root growth conditions during seedling growth.

[0034] After seedlings of plants grow out, the roots in
Treatment A do not grow out of bottom through holes in
a tray, a small amount of roots in Treatment B grow out
of bottom through holes in a tray due to a small amount
of water accumulated at the bottom, and a large amount
of roots in Treatment C grow out of through holes in a
tray, as shown in FIG. 5.

Root morphology of seedlings.

[0035] When seedlings of cucumbers grow out, with
the morphology of seedlings having substrates, the roots
in Treatment A are completely wrapped around the sub-
strates, most of roots in Treatment B are wrapped around
the substrates and a small amount of roots in Treatment
B grow out of the substrates, and most of roots in Treat-
ment C grow out of the substrates, as shown in FIG. 6.
After the substrates are washed off, the morphology of
the roots is observed, the roots in Treatment A and Treat-
ment B are developed, the number of fibrous roots in
Treatment A and Treatment B is significantly greater than
that in Treatment C, and the roots in Treatment C are

longer but the number of fibrous roots is small due to the
fact that the roots in Treatment C grow out of the tray, as
shown in FIG. 7. When the seedling cultivation is finished
and seedlings are taken out from the cultivation container
for transplanting, the roots in Treatment A can be com-
pletely taken out, the roots in Treatment B can also be
completely taken out basically, the roots in Treatment A
and Treatment B are significantly more developed than
the roots in Treatment C, the roots in Treatment C are
broken, only part of roots in Treatment C can be retained,
and the length and number of the roots in Treatment C
are significantly reduced, as shown in FIG. 8.

2. Uniformity of plants.

[0036] After transplanting, the seedlings of the cucum-
bers are planted in the substrates, and after 7 days of
seedling recovery, the plant height of each treated plant
is compared. The seedlings cultivated in Treatment A
have the highest uniformity during seedling recovery, and
all values are evenly distributed between 13 cm and 16
cm. The seedlings cultivated in Treatment B have relative
uniformity during seedling recovery, and all values are
distributed between 12 cm and 18 cm. The seedlings
cultivated in Treatment C have the worst uniformity dur-
ing seedling recovery, and all values are distributed be-
tween 10 cm and 24 cm, as shown in FIG. 9.

3. Flowering conditions after seedling recovery.

[0037] On the 8th day after seedling recovery, the
number of flowers in each treatment is counted so as to
reflect the effect of seedling recovery and the condition
of new growth and development. Each of Treatment A,
Treatment B and Treatment C has 16 seedlings, where
9 seedlings cultivated in Treatment A have flowers on
the 8th day of seedling recovery and the number of flow-
ers is 12, 8 seedlings cultivated in Treatment B have flow-
ers on the 8th day of seedling recovery and the number
of flowers is 10, and the seedlings cultivated in Treatment
C have no flower on the 8th day of seedling recovery,
indicating that the seedlings in Treatment A and Treat-
ment B are better in seedling recovery and the seedling
recovery period is also greatly shortened, as shown in
FIG. 10 and 11.
[0038] The above embodiments merely illustrate the
principles and effects of the present invention, and are
not intended to limit the present invention. Those skilled
in the art can modify or change the above embodiments
without departing from the spirit and scope of the present
invention. Therefore, all equivalent modifications or
changes made by a person of ordinary skill in the art
without departing from the spirit and technical idea of the
present invention should be covered by the claims of the
present invention.
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Claims

1. A sub-irrigation bed, comprising a bottom, a side wall
surrounding the bottom, a water inlet and a water
outlet, wherein
a plurality of support structures is arranged on an
upper surface of the bottom, and tops of at least a
part of the plurality of support structures lie in the
same horizontal plane.

2. The sub-irrigation bed according to claim 1, wherein
the upper surface of the bottom is inclined downward
towards the water outlet.

3. The sub-irrigation bed according to claim 1 or 2,
wherein
a settling pond in communication with the water out-
let is formed at the bottom.

4. The sub-irrigation bed according to claim 3, wherein
a filter tank is arranged at an upper part of the settling
pond.

5. The sub-irrigation bed according to claim 4, wherein
the filter tank is a removable filter tank.

6. The sub-irrigation bed according to claim 3, wherein
a water channel in communication with the water out-
let is formed on the side wall of the settling pond.

7. The sub-irrigation bed according to claim 1, wherein
the water outlet is equipped with a water plug, and
the water plug is inserted into the water outlet and
is configured to block the water outlet from commu-
nicating with the outside of the irrigation bed.

8. The sub-irrigation bed according to claim 6, wherein
the water outlet is equipped with a water plug, and
the water plug is inserted into the water outlet and
is configured to block the water outlet from commu-
nicating with the water channel and block the water
outlet from communicating with the outside of the
irrigation bed.

9. The sub-irrigation bed according to claim 1, wherein
the support structure is a hollow support structure,
an upper surface of the hollow support structure is
in a mesh shape, and a periphery of the hollow sup-
port structure is in a mesh shape or is provided with
a plurality of drainage holes.

10. A cultivation apparatus, comprising the sub-irrigation
bed according to any one of claims 1 to 9 and a cul-
tivation container, wherein the cultivation container
is supported on the support structures of the irriga-
tion bed.
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